ABSTRACT Summary: Small interfering RNA (siRNA) is used in functional genomics applications to decrease the expression of a target gene, which may yield a biological effect that suggests a function for the target gene. The siRNA design tool scans a target gene for candidate siRNA sequences that satisfy useradjustable rules. Selected candidates are then screened to identify those siRNA sequences that are specific to the gene of interest. Availability: A web tool is freely available for academic or commercial use at
INTRODUCTION
RNA interference (RNAi) is a phenomenon in which doublestranded RNA (dsRNA) specifically suppresses the expression of a gene with its complementary sequence. Small interfering dsRNAs (siRNA) mediate post-transcriptional genesilencing, and can be used to induce RNAi in mammalian cells. siRNA has emerged as a technique to knock out expression of specific genes in a variety of organisms and, therefore, provides a powerful method for studying gene function.
Gene interference was first discovered in Caenorhabditis elegans when injection of just a few molecules of doublestranded siRNA per cell was sufficient for complete gene silencing (Fire et al., 1998) . siRNAs are apparently produced in vivo by cleavage of dsRNA introduced directly or via a transgene or virus. siRNAs are incorporated into the RNA-induced silencing complex, guiding the complex to the homologous endogenous mRNA where the complex cleaves the transcript (Hammond et al., 2000) .
Recent microstudies (Jackson et al., 2003; Semizarov et al., 2003) have shown that a critical element of siRNA design is ensuring that the selected sequence be specific to the target gene. The siRNA design tool aids users in this otherwise * To whom correspondence should be addressed. laborious task by selecting appropriate sequences, based on the target gene sequence, and then screening the candidate siRNAs for gene-specificity.
METHODS AND IMPLEMENTATION
An overview of the siRNA design process is shown in Figure 1 . The target gene sequence is scanned for candidate siRNA sequences that meet specific design parameters. The suggested rules for siRNA design based on the work of the Tuschl (Elbashir et al., 2001a,b) , Semizarov and Fesik (Semizarov et al., 2003) and Linsley (Jackson et al., 2003) groups and include the following:
(1) Beginning with the AUG start codon of your transcript, scan downstream for 23 bp sequences with GC between 45 and 55%.
(2) Choose sequences that have 3 TT overhangs and start with AA or AN. (3) Avoid more than three guanosines in a row. Poly G sequences can hyperstack and therefore form agglomerates that potentially interfere in the siRNA silencing mechanism. (4) Select targeted region from a given cDNA sequence beginning 50-100 nt downstream of the start codon avoiding 5 and 3 UTR regions which may be richer in regulatory protein binding sites. UTR-binding proteins and/or translation initiation complexes may interfere with binding of the siRNP endonuclease complex. (5) Screen potential siRNA sequences for gene-specificity eliminating siRNA sequences with significant homology to more then one gene.
The suggested parameters, such as siRNA length, GC content, etc. are all user adjustable. Blast searches of candidate siRNA against the EST database are performed using parameters for short nearly identical sequences. The output is screened for organism (e.g. mouse, human, rat, C.elegans), user-specified number of mismatches in the alignment and length of the match between siRNA and hits. MPBLAST (Korf and Gish, 2000) is used to speed the blast searches as much as 10-fold by multiplexing all selected siRNA sequences. A siRNA sequence is considered gene-specific if it matches just one Unigene cluster. Melting temperatures are calculated for the duplex formed by antisense siRNA and the target mRNA, Tm (t) , as well as that for the next best scoring mRNA in the blast report, Tm. Melting temperatures are calculated using the melting program by Le Novere (2001) using parameters proposed by Xia et al. (1998) for RNA/RNA homoduplexes. The resulting candidates are sorted by T m , where T m = Tm (t) − Tm, and the homology region lengths for the first and second best candidates are reported. This allows a user to maximize hybridization specificity by selecting the best siRNA with the highest T m and the shortest homology region for the next best candidate.
The siRNA Design Tool has been developed with open source software (Perl) and can be run on any Unix or Linux machine. This differentiates it from other commercial software (www.dharmacon.com). MySQL is used as the relational database management system to host a local UniGene database. Sequence databases are updated daily. Web tool users need not install the siRNA Design Tool locally, however those interested in expanding on the current feature set are encouraged.
